Three experiments investigated category search in pigeons, using an artificial category created by morphing of human faces. Four pigeons were trained to search for category members among nonmembers, with each target item consisting of an item-specific component and a common component diagnostic of the category. Experiment 1 found that search was more efficient with homogeneous than heterogeneous distractors. In Experiment 2, the pigeons successfully searched for target exemplars having novel item-specific components. Practice including these items enabled the pigeons to efficiently search for the highly familiar members. The efficient search transferred immediately to more typical novel exemplars in Experiment 3. With further practice, the pigeons eventually developed efficient search for individual less typical exemplars. Results are discussed in the context of visual search theories and automatic processing of individual exemplars.
Introduction
Humans and most nonhuman animals are often required to search for members of categories that are embedded within spatially distributed distractor objects in their natural environment. For a ground-feeding pigeon, for example, efficient searches for a variety of edible items in complex visual arrays are of great relevance to survival. Real-world searches almost always involve complex multiple objects that are not well specified by a single feature or a set of features.
Inefficiency in searching for either of two (or more) targets relative to a single target is known as dual-target cost. With humans, however, it has been shown that dual-target cost is likely to be diminished (i.e., search is more efficient) when a set of targets can be completely separated from a set of distractors with a single line in a stimulus space (i.e., linear separability). Most studies have used targets that are well defined by physical features, such as color and orientation (e.g., D 'Zmura, 1991; Menneer et al., 2007) , and very little research has examined concurrent visual searches for complex naturalistic items. Wolfe et al. (2004) used categorical pictures of real objects (animal, fruit, tool, etc.) in search tasks in which the target is specified just prior to the appearance of the search display on each trial. Search was efficient when target identity was cued with a picture that exactly matched the target but the effectiveness of the cues diminished when the cues only specified the target category. Wolfe et al. argued that, although category cues produced little or no topdown guidance, more guidance could be seen with categories that have more obvious common features. Levin et al. (2001) addressed the role of categorical information, using pictures of objects in well-learned superordinate categories (animal and artifact). In a series of searches for a randomly selected animal target among a mixed set of artifact distractors and vice versa, they found an efficient search by category. Basic visual features, such as rectilinearity, that could distinguish these categories facilitated search for various exemplars of the complex categories.
More recently, Menneer, Cave, and Donnelly (2009) used X-ray images and demonstrated that simultaneous search for two different categories of weapons (guns and knives) among typical baggage objects was as efficient as search for only a single category and search performance improved with practice. The exact color and shape of various X-ray images varied within and across the categories, but all category items were distinguished by the color blue and thereby linearly separable from a variety of distractors characterized by the color green. Menneer et al. argued that, when target representations share features (in this case colors), the search can be guided by common components on the most informative dimension. In contrast, there was a cost for simultaneous search for the category of metal threats (the color blue) and the category of improvised explosive devices (the color orange or mixed coloring). In this case, the targets categories were not linearly separable from the distractors characterized by the color green and the cost did not diminish even with extensive practice. Shiffrin and Schneider (1977) have claimed that, when a category is well-learned, due to much practice, then categorical information will automatically guide search in the absence of controlled allocation of attentional resources. As a result of category learning, target detection is fast, automatic and effortless; it is parallel in nature and virtually unaffected by memory load. Logan (1988) proposed that representations of individual exemplars in long-term memory rather than representation of the category itself are responsible for the automatic processing. According to Logan's instance theory, some or all of the long-term memory representations of individual exemplars are retrieved by the onset of each search display and the activation of a given item in a display is determined by net similarities to the activated individual exemplars.
Automaticity of non-categorical individual items has been found in humans in experiments that manipulated the number of possible targets (i.e., the memory set size) or the number of display items (i.e., the display size), or both. Initially, reaction time increases with the number of items in either a memory set or a display, but after considerable practice, the search slope approaches zero (see Schneider and Shiffrin (1977) for a review). D. Blough (1979) and P. Blough (1984) used geometric forms or alphabetic letters for pigeons and found that memory set size up to six had no effect on the search by highly practiced pigeons. To account for such a finding, they proposed automatic processing of individual items. Vreven and P. Blough (1998) successfully demonstrated a shift from controlled to automatic processing with practice, in terms of decreasing run advantage during single-target trial sequences compared with search during mixed-target trial sequences.
The present study explores category search in pigeons. We created an artificial category by morphing of human faces. The morphing process is a two-step process, involving warping and averaging on a pixel-by-pixel basis (see Busey and Tunnicliff (1999) for more details). We do not know the exact physical properties of complex pictures created by morphing. So, we are unable to describe the specific physical features available for pigeons to discriminate the morphed images. However, pigeons perceive morphed faces as being similar to, but still discriminably different from, the originals from which they were created (Jitsumori, Shimada, & Inoue, 2006) .
Artificial categories comprising of morphed faces have been employed in categorization studies with humans. Goldstone and colleagues (e.g., Goldstone, Steyvers, & Rogosky, 2003) used category exemplars consisted of a series of faces that were located along the left end or the right end of a continuum of morphed faces. Participants who learned to classify exemplars into the reference category (the category labeled ''club members'' consisted of exemplars lying on the left or right side of the continuum) and the nonreference category (the other category labeled ''not club members'') then showed better detection for the reference than nonreference exemplars among novel, category-unspecified, original faces (Corneille et al., 2006) . This search asymmetry was explained by assuming that the reference category, but not the nonreference category, was organized around a prototype of the category. Unlike the studies of Goldstone and colleagues, we use a single category characterized by a single original face from which various exemplars are created via morphing transformations.
The target category was prepared individually for each pigeon. The upper part of Fig. 1 shows the category used for one of four pigeons in the present study. One face (Face P) arbitrarily selected from five faces without repetition among the pigeons was morphed with each of the remaining four faces (Faces A, B, C, and D, with the letters arbitrarily assigned to the four faces) to create the composite faces AP, BP, CP, and DP. We also created 50% morphs of the possible pairs of A, B, C, and D (AB, AC, AD, BC, BD, and CD) each of which was then morphed with P to create additional composite faces (ABP, ACP, ADP, BCP, BDP, and CDP). They were introduced to increase the net similarities among exemplars; for example, ABP is similar to AP and BP, and thereby ABP increases the net similarities.
The composite faces connected with broken lines in Fig. 1 have the same proportion (50%) of Face P. The 50%P faces 1 were used as the targets during baseline training. The targets are therefore characterized by the common component P. Faces A-D, as well as AB-CD, were used to create the individual exemplars; hence they are referred to as ''item-specific'' components. The item-specific component faces could be poor members of the category due to similarity to some, but not all, exemplars used for training (e.g., A is a part of AP, ABP, ACP, and ADP). The faces were from a single face class (i.e., Japanese male student), which allows us to examine effects of the common and item-specific components on search performance, by eliminating specific differences between the faces of these different types of component. The distractors (the lower part of Fig. 1 ) were category-unspecified nonmembers that differed in terms of ethnic affiliation, sex, and age. Any of the item-specific components is not necessary for membership of the category; not all exemplars have A (or B, C, D) and exemplars containing novel item-specific components could be members of the category characterized by P. The category permits membership to a large, potentially infinite, number of instances created by morphing the common component with a wide variety of item-specific components. We define the original face, which is the basis for morphing transformations, as the prototype of the category; this is Face P. An average of category exemplars varies depending on item-specific components and proportion of the common component, while the common component face defined as the prototype is invariant.
Features of the common component P change as a result of morphing, with the changes dependent on the item-specific component into which it is blended. Resulted features are correlated, but not perfectly, within the category. Feature correlation increases as a function of the proportion of the common component. When it increases, composite faces become more similar to one another and to P (i.e., centrally located members of the category). When it decreases, composite faces become less similar to one another and to P, and instead become more similar to the corresponding item-specific component face (i.e., peripherally located members of the category). Features of composite faces are not perfectly correlated within the category like as most natural categories, in contrast to classic categories in which defining features (a conjunction of necessary and sufficient features) are perfectly correlated within categories and thereby all members of a category have equal status. For the artificial category used in the present study, the common component features are the features that create resemblance among exemplars. The item-specific component features are the features that create variability among these exemplars. Physical features of a face created by morphing differ from those of the common component and item-specific component, so that a 50%P face is not a face that has 50% features of the common component and 50% features of the item-specific component.
Jitsumori, Ohkita, and Ushitani (Experiment 1, 2011) used two categories created similarly to the category used in the present study. Pigeons were trained to respond to exemplars of one category (the positive category) and not to respond to exemplars of the other category (the negative category) in a go/no-go discrimination procedure. Each exemplar was a 50% morph of a common 1 The pigeon's retina contains more than three morphologically distinguishable cones bearing oil droplets of different color. A reviewer pointed out that, when morphing color pictures, colors are mixed, thereby creating hues that can look to pigeons more similar/dissimilar to either of the two source pictures. What is critical for the present study is that the 50% morphs created from a common component and item-specific components can look to pigeons substantially similar, but discriminably different, to one another. component and an item-specific component, neither of which overlapped between the categories. The pigeons then showed a generalization gradient that increased as a function of the proportion of the common component of positive category, with the best discrimination emerging for the common component faces (i.e., the prototypes) and the worst discrimination (slightly above chance) for item-specific component faces. Not only the common component but also the item-specific components allowed classification of the exemplars from the two categories, but the pigeons attended more to the common component and much less to the itemcomponents.
A pilot study was conducted with the pigeons used in the present study to ascertain if pigeons are capable of learning to search for the category members among nonmembers. In a given display, one target and four distractors appeared (i.e., the display size was five). The pigeons quickly learned to search for the targets embedded in homogeneous distractors (an identical nonmember redundantly appeared in a display as the distractors, with the nonmembers varied across trials). Following this, the pigeons proceeded to heterogeneous training (four different distractors selected from the pool of nonmembers appeared within a given display) and performed accurately from the beginning of the training. This finding suggested that the pigeons had not adopted the odd-item search strategy (e.g., D. Blough, 1989 Blough, , 1993 in the preceding homogeneous training. Almost 9 months after the pilot study, the present study was conducted with the same pigeons.
Experiment 1 explores the search strategies of pigeons. We retrained the pigeons on homogeneous and heterogeneous trials intermixed within sessions and then compared search efficiency, as reflected by search slopes, on these different types of trials. Experiment 2 examines transfer of search performance to novel exemplars; the novel targets have the same proportion of the common component (50%) as the familiar targets but the item-specific components are new. Experiment 3 continues to explore transfer of search performance to various exemplars that have different proportions of the common component. In Experiments 2 and 3, the effect of practice on searching for various members of the category is also explored.
Experiment 1
Experiment 1 examines the effect of heterogeneity of distractors on search for category members. One extreme strategy is based upon random search that is not at all associated with targetrelated attentional process. Namely, pigeons view items in a display one after another, in the absence of guidance to the target, until they eventually discover the target by chance. To the extent that this random process is true, we would expect reaction times (RTs) to increase steeply as a function of display size (DS), with these slopes reflecting virtually no difference due to heterogeneity of distractors. At the opposite extreme is a strategy in which a pigeon's attention is automatically driven by category members; in this case, RTs to targets should show minimal change due to DS, with both search slopes shallow and similar on homogeneous and heterogeneous trials, thus reflecting equivalent search efficiency. Members of the category that served as targets in the present study are linearly separable from nonmembers; only the former members possess a common component. However, the targets and distractors are none-the-less pictures of human faces. When there is substantial similarity between the target and distractors in a display (Duncan & Humphreys, 1989) or when a target is not assigned a unique, salient, property during search (Wolfe, 1994) , current models of visual search predict that distractor heterogeneity will reduce search efficiency such that search slopes will be steeper (less efficient) for heterogeneous than homogeneous distractors.
Method

Animals
Four pigeons kept at 80-85% of their free-feeding body weights served as subjects. They participated in the pilot study; hence they had considerable experience with the category-search task and with the human-face stimuli used in the present study. Water and grit were freely available in their individual home cages.
Apparatus
Four identical operant conditioning chambers (32 Â 35 Â 35 cm) were used, one for each pigeon. The stimuli were presented on LCD color monitors (EIZO FlexScan L367), visible through a viewing window (15 cm high Â 20 cm wide) located in the middle of an aluminum front panel of each chamber. The bottom edge of the viewing window was 11.5 cm above the chamber floor. The monitor was located 1.5 cm behind an infrared touch frame (Carroll Touch, Model 3467). A food aperture (2.3 Â 2.3 cm), located on the floor and centered below the viewing window, afforded pigeons access to a solenoid-operated food tray containing a mixture of grains. A houselight (3 W) in the center of the ceiling dimly illuminated the chamber. The chambers and the video monitors were located in a darkened testing room. Computer programs driving the presentation of stimuli and controlling the feeder were developed in Visual Basic 6.0 (Microsoft).
Stimulus materials
The stimuli were those used in the pilot study. They were created from frontal views of 13 faces (seven Japanese male students, two Japanese male professors, two Caucasian male students, and two Japanese female students), taken in color with a digital camera (Olympus, C-730) under the same lighting condition. The inner faces were cut into an ellipse of the same size using Photoshop (Adobe). The blue color that is unique to the Caucasian faces and occupies separable regions (eyes) may (or may not) guide pigeons' attention, so that it was digitally changed to dark brown.
Five faces, arbitrarily selected from the Japanese male students, were used to create exemplars of the category; the remaining two faces were reserved as distractors. A face used as the common component for one pigeon was used as an item-specific component for the others. Blending was conducted by commercially available morphing software (Morph, Gryphon). The distractors comprised eight faces. In order to increase the variability of distractors on heterogeneous trials as well as across homogeneous trials, two Japanese male students, two Japanese male professors, two Caucasian male students, and two Japanese female students were used.
The height and width of the stimuli were 64 pixels and 48 pixels, respectively, with one hundred pixels measured about 29.7 mm on the monitor. The stimuli were displayed on a black background. There were 12 touch-sensitive rectangles (100 pixels high Â 80 pixels wide) of a 3 Â 4 array. The distance between each rectangle was 25 pixels vertically and 20 pixels horizontally. Each stimulus located in a touch-sensitive rectangle; the stimulus was positioned not closer than 8 pixels to the horizontal edges and 6 pixels to the vertical edges of the rectangle. In the resulting displays, the stimuli did not lie in orderly rows or columns and any two stimuli were not closer than 41 pixels vertically and 32 pixels horizontally. The target and distractors pseudo-randomly distributed in a given display, with the constraint that the targets appeared in each of the 12 touch-sensitive rectangles as equally often as possible in each session.
2.1.4. Procedure 2.1.4.1. Training. Each trial began with the onset of warning stimulus (a white cross) in the center of the screen. A peck to the cross produced a search display consisting of one target and four distractors (DS = 5). A response to a target removed all the stimuli and this was immediately followed by a food reward (3-s access to mixed grain) on the predetermined 20 homogeneous and 20 heterogeneous trials, with the probability of food rewards equated among the targets within and across sessions. Correct responses on the remaining trials raised the food hopper for only 0.5 s. A response to a distractor (error) produced a 2-s blackout. Following an incorrect response, the same trial was repeated until the pigeon responded correctly to the target. Correction trials were not scored for data analysis. During an intertrial interval of 3 s, the houselight was turned on.
The targets were arbitrarily divided into two sets; the composite faces AP, BP, ACP, BDP, and CDP in one set and the remaining composite faces CP, DP, ABP, ADP, and BCP in the other set. The two sets of targets were used on alternative days in a 2-session block. Over 80 homogeneous trials in a session, each of the 40 different displays (5 targets Â 8 distractors) appeared twice. On heterogeneous trials, four distractors were pseudo-randomly selected without repetition on each trial, under the constraint that the eight distractors appeared equally often within 16 sets of distractors for each of five targets. This resulted in a 160-trial session which consisted of 10 randomized blocks of 16 trials; each block consisted of eight homogeneous trials and the same number of heterogeneous trials. The training continued for a minimum of six 2-session blocks and until the pigeons performed 90% correct or more accurately in each of two consecutive sessions.
2.1.4.2. Testing with different display sizes. The pigeons were tested on DSs of 3, 5, 7, and 9. As in the training sessions described above, two different sets of targets appeared on alternative days. Similarly, DSs were 3 and 9 in one session and 5 and 7 in its paired session in which a given set of targets appeared. The aim was to reduce construction complexity of sessions containing four different factors; trials types (homogeneous vs. heterogeneous), targets, distractors, and DSs, were crossed. Over a 4-session block of 640 trials, there were 320 homogeneous trials (10 targets Â 8 distractors Â 4 DSs) and the same number of heterogeneous trials. On heterogeneous trials, a given number of distractors were pseudorandomly selected on each trial, under the constraint that the eight distractors appeared equally often within 80 trials for each DS. Across two 4-session blocks, the frequency of distractors was equated within 16 distractor sets of the same DS for each target.
Each pigeon was given six 4-session blocks, a total of 24 sessions. The order of the sessions in a 4-session block was counterbalanced within and across the pigeons. Other procedural details, including reinforcement and correction method, were the same as in training.
Results and discussion
Training
The pigeons' performance was quite accurate from the first day of training, due to their experience in the pilot study. Mean search accuracy in the first 2-session block was 87% (range: 84-91%) and 81% (range: 78-84%) on the homogeneous and heterogeneous trials, respectively. The pigeons then required an average of 4.0 sessions to attain an overall accuracy of 90% correct or better for each of two consecutive days, but they received 12 training sessions. Mean accuracy in the last 2-session blocks was 96% (range: 95-98%) and 95% (range: 95-96%) on the homogeneous and heterogeneous trials, respectively.
A two-way repeated measures analysis of variance (ANOVA), with trial type (homogeneous vs. heterogeneous) and day as within-subject variables was performed. In this and all other tests, an alpha level of .05 was used. The main effects [F(1, 3) = 336.46, p < .001 for trial type; F(11, 33) = 22.63, p < .001 for day] were highly significant. The interaction [F(11, 33) = 1.22, p = .310] was not significant. The pigeons' search accuracy increased with practice but they performed more accurately on homogeneous than heterogeneous trials.
Testing with different display sizes
The RT on a given trial was defined as the time between onset of the display and the correct response, with reaction times of less than 100 ms eliminated from consideration (the percentage of trials with such RTs was less than 0.16% of the total). RT data for a given DS on each type of trial (homogeneous or heterogeneous) were based on medians of 80 observations per 4-session block. Mean of medians over the six 4-session blocks was computed for each pigeon. Fig. 2 shows accuracy (the top panel) and RT (the bottom panel) as a function of DS on homogeneous and heterogeneous trials. Data points in the figures are averages among the four pigeons.
The pigeons performed 90% correct or more accurately, but their search accuracy decreased, albeit only slightly, as a function of DS. The accuracy data were subjected to a two-way repeated measures ANOVA, with trial type (homogeneous vs. heterogeneous) and DS (3 vs. 5 vs. 7 vs. 9) as within-subject variables. The main effects [F(1, 3) = 14.29, p = .032 for trial type; F(3, 9) = 7.14, p = .009 for DS] were significant. The interaction [F(3, 9) = 1.54, p = .271] was not significant.
The pigeons' RTs increased as a function of DS, with the search slope steeper on heterogeneous than homogeneous trials. The slopes of RT Â DS function on heterogeneous and homogeneous trials for the individual pigeons were 92 and 30 ms/item, 57 and 42 ms/item, 55 and 48 ms/item, and 84 and 39 ms/item, respectively. A two-way repeated measures ANOVA conducted on the RT data revealed that the main effects [F(1, 3) = 30.05, p = .012 for trial type; F(3, 9) = 184.39, p < .001 for DS] were significant. The interaction [F(3, 9) = 3.11, p = .081] did not reach full significance, presumably because the differences in slope with the homogeneous and heterogeneous displays were too variable among the pigeons to achieve statistical reliability.
We expected that if category members that are linearly separable from the distractors enabled the pigeons to develop automatic processing, then the pigeons would show an efficient search regardless of heterogeneity of the distractors. Apparently, this was not the case. The opposite extreme is random search that occurs in the absence of guidance to the target. Although the individual pigeons showed more efficient search with homogeneous than heterogeneous distractors, the trial type Â DS interaction was not statistically reliable; the RT data are not powerful enough to reject this possibility. Fig. 3 compares the display-size functions in accuracy (the top panel) and RT (the bottom panel) for the four distractor classes on homogeneous trials. The pigeons performed very accurately, regardless of the face classification. A remarkable finding was that the distractors resulted in RTs that differed systematically as a function of these subsets; in order of RT magnitude (slowest to fastest), this was: Japanese male student > Japanese male professor, Caucasian male student > Japanese female student over the DSs tested. A two-way repeated measures ANOVA, with face class and DS as within-subject variables, revealed that the main effects [F(3, 9) = 20.00, p < .001 for face class; F(3, 9) = 24.55, p < .001 for DS] were significant. The interaction [F(9, 27) = 0.83, p = .592] was not significant, suggesting that search slope did not differ depending on the face class used as the distractors. The distractors that may be perceptually more similar to the targets (Japanese male students) did not decrease search efficiency; instead, they simply added a constant to RT. It is likely that increased similarity between the targets and distractors did not slow the search speed but it made pigeons take longer to identify the targets discriminating them from the distractors. This is not in agreement with the target-distractor similarity effect (i.e., search efficiency decreases with increasing similarity between targets and distractors) that has been repeatedly documented with non-categorical items in humans (Duncan & Humphreys, 1989) and pigeons (D. Blough & P. Blough, 1997) . In turn, our finding suggests a possibility that the pigeons searched for the category members primarily on the basis of the common component. Reaction Time (ms) 2 The heterogeneous distractor set at DS = 9 always included two Japanese male students that could be similar to the targets. Trials on which neither of them appear as distractors increased as DS decreased. We analyzed RTs at DS = 5 for the displays with none, one, and two of these distractors. There was no significant difference in RT [F(2, 6) = 0.968, p = .43], suggesting that these distractors did not increase RT.
Experiment 2
Experiment 2 explored transfer to novel targets. Novel male and female faces were used as item-specific components to examine effect of similarity to the familiar targets created from male faces only. We used only homogeneous distractors. Display size assumed two values (DS = 5 and 9), in part because a larger number of different values would inappropriately decrease the number of trials for each DS, and also because the systematic increase of RTs with DS in Experiment 1 led us to infer that the DSs of 5 and 9 allow us to estimate search slope reliably.
Method
Animals and apparatus
The four pigeons served as subjects in Experiment 1 were used. Housing, maintenance, and apparatus were the same as in Experiment 1.
Stimulus materials
Four novel faces (Faces E, F, G, and H) were used to create new exemplars, two of which were male students and the remaining two were female students. Novel exemplars were created individually for each pigeon by morphing the novel faces with Face P (P% = 50). Fig. 4 shows the novel exemplars used for one pigeon (Faces EP, FP, GP, and HP), together with the novel item-specific components and the common component.
Procedure
The pigeons were given retraining, but in the homogeneous condition only, with the DSs of 5 and 9. There were160 (10 targets Â 8 distractors Â 2 DSs) displays, each of which appeared once in a session. Random sequences of the targets and distractors were programmed as in Experiment 1, except that every familiar target appeared once in a block of 10 trials. The display sizes 5 and 9 occurred equally often in a block (5 times each). A given target-distractor pair appeared once in the first 8 blocks and once in the second 8 blocks, with the display size varied between the two trials. The pigeons received seven retraining sessions.
In the following phase, the familiar composite faces (AP, BP, CP, and DP) and novel composite faces (EP, FP, GP, and HP) were used as the targets. Faces EFP-GHP were not used, because these morphs were not likely to add specific information to evaluate transfer to novel targets and furthermore would not allow us to assess initial transfer from the learned targets to EP, FP, GP, and HP, due to within-session generalization. Accordingly, the corresponding familiar targets ABP-CDP were not used, which decreases the net similarities among targets but does not change the basic structure of the learned category characterized by P.
There were 128 (8 targets Â 8 distractors Â 2DSs) displays, each of which appeared once in a session. A session consisted of 16 blocks of 8 trials, with each of the 8 targets appeared once with one of the eight distractor sets in a block, with the distractor sets differed for the targets. Display sizes 5 and 9 occurred equally often in a block (4 times each). A given target-distractor pair appeared once in the first 8 blocks and once in the second 8 blocks, with the display size varied between the two trials. The order of the first and second 8 blocks was each randomized across pigeons and sessions. The pigeons received 12 test sessions. Other procedural details were the same as in training.
Results and discussion
Fig . 5 shows the mean search accuracies separately for the familiar and novel targets containing the different types of itemspecific components with the DSs of 5 and 9. The pigeons performed very accurately with the novel targets from the first session, but the female item-specific components produced relatively poor performance. In order to confirm the observed generalization decrement, a two-way repeated measures ANOVA with item-specific component (familiar male vs. novel male vs. female) and DS (5 vs. 9) as within-subject variables was performed on the The bottom panel of Fig. 6 shows the RTs in the last three sessions. Again a two-way repeated measures ANOVA was applied. Results revealed that the main effects [F(2, 6) = 1.86, p = .236 for item-specific component; F(1, 3) = 4.01, p = .139 for DS] and the interaction [F(2, 6) = 0.72, p = .526] were not significant. Unlike the RT data in the first three sessions, there was no significant change in RT as a function of DS. Specifically, the search slope with the highly familiar targets appeared to be near zero. It is possible to infer that the appropriate guidance by the common component features might have developed due to the practice including the novel exemplars. However, because we did not have a control group that was given the same amount of practice only with the familiar exemplars, it remains to be seen whether practice including novel exemplars is truly necessary for pigeons to develop the efficient search, relying on the common component.
Curiously, the RTs in the last three sessions tended to be longer relative to those in the first three sessions (compare the top and bottom panels of Fig. 6 ). Blending a novel face into the common component face produces features physically different from those of familiar exemplars; therefore, when the proportion of the common component is not sufficiently large, novel exemplars would exhibit features quite dissimilar to the learned features. Perhaps, the practice with the various exemplars required the pigeons to spend more time inspecting the detected exemplars in some details to identify that they are indeed the targets.
Experiment 3
Experiment 3 tested transfer to novel targets on the face-morph dimensions ranging from the item-specific component to the 50%P face used for training and to the common component. If the efficient search observed in Experiment 2 was restricted to the extensively trained highly familiar 50%P faces, the efficient search would not generalize to the novel targets. Search efficiency should decrease when similarity to the 50%P faces decreases, regardless of whether the common component increases or decreases from 50%. On the other hand, if the pigeons' searches were promoted by category membership represented by the common component, search efficiency would decrease only when the common component decreases from 50%.
As we have noted earlier, the target category was created individually for each pigeon. So, a given display containing the common component face as the target for one pigeon is used as a display containing an item-specific component face as the target for another pigeon, and vice versa. Therefore, physical similarity between the target and distractors in these displays are to be counterbalanced across the pigeons. More importantly, for each pigeon, the search displays containing these original faces as the targets cannot be differentiated without knowledge of the target category. Here, the logic of the experiment is analogous to the study of Wolfe et al. (1992) in which top-down guidance during search for categorically separable orientation targets (e.g., ''steep'' among ''shallow'') was explored by maintaining angular difference between targets and distractors (see also Hodsoll & Humphreys, 2005 experiment was concerned with an experimenter-defined category learned by subjects through training.
Method
Animals and apparatus
The four pigeons used in the previous experiments served as subjects. Housing, maintenance, and apparatus were the same as in the previous experiments.
Stimulus materials
Five faces (P% = 0, 25, 50, 75, and 100) on each of the four facemorph dimensions created 20 target stimuli; this set includes four identical P faces. Fig. 7 shows the stimulus set used for one pigeon. The distractors were the same as those used in the previous experiments. Only homogeneous displays were used.
Procedure
The pigeons were given retraining with the familiar targets as in Experiment 2; the homogeneous displays of the DSs of 5 and 9 were presented in a session of 160 trials (10 targets Â 8 distractors Â 2 DSs). They received 12 retraining sessions.
The following phase consisted of eight 2-session blocks, a total of 16 sessions of 160 trials. There were 320 displays (20 targets Â 8 distractors Â 2 DSs), each of which appeared once in a 2-session block. A session consisted of 8 randomized blocks of 20 trials; each of the 20 targets (5 faces Â 4 face-morph dimensions) appeared once per block. Over the 8 blocks in a session, a given target was presented once with each of the 8 homogeneous distractor sets (DS was 5 or 9, with these DSs varies between two successive sessions). Sequences of the distractor sets and display sizes were randomized as in the test phase of Experiment 2. Other procedural details were the same as in training. Fig. 8 shows the mean search accuracies separately for the targets containing different proportions of the common component. Search accuracy with the P% = 0 targets (the item-specific component faces) is relatively poor specifically in the first few sessions at DS = 9. The search accuracies with all the targets appear to converge in later sessions.
Results
We obtained the mean of median RTs in the first two 2-session brocks for each pigeon, separately for the different proportions of the common component with the DSs of 5 and 9. The top-left panel of Fig. 9 shows the mean RTs averaged across the four pigeons as a function of the proportion of the common component. There was a tendency for slower RTs in conditions with lower proportions of the common component, particularly with the DS of 9. The same data are plotted as a function of DS in the top-right panel. The search slopes for the targets containing 50% or larger proportions of the common component were near zero.
A two-way repeated measures ANOVA, with display size (5 vs. 9) and morph proportion (0% vs. 25% vs. 50% vs. 75% vs. 100%) as within-subject variables was applied to RT data. This revealed a significant main effect of morph proportion [F(4, 12 These findings confirmed that the categorical information supported the efficient search for the novel exemplars having 50% or larger proportions of the common component.
The bottom panels of Fig. 9 show the corresponding data in the last two 2-session blocks. A striking finding was that the search slopes were equally shallow regardless of the proportion of the common component. Again a two-way repeated measures ANOVA was applied to RT data. Results revealed that the effect of DS suggested that the practice led the pigeons to perform equally efficiently with the various targets but the RTs tended to increase slightly, although not significantly, as the DS increased.
Discussion
Experiment 3 revealed that, in the early sessions, the search slopes for the targets having 50% or larger proportions of the common component were near zero. This finding indicated that the efficient search for the highly familiar targets observed in the later sessions of Experiment 2 transferred to the novel but highly typical members of the category. When the proportion of the common component decreased to 25% and to 0%, the pigeons' search efficiency decreased dramatically. Clearly, the common component promoted the efficient search for the typical exemplars. Note also that pigeons' search accuracy for the item-specific component faces was far above chance in the early sessions of Experiment 3, indicating that they had indeed learned the item-specific component features, discriminating these features from those of distractors. Nevertheless, the item-specific components did not help the pigeons to efficiently search for the poor exemplars. These findings confirm that search efficiency is controlled by target-related attentional process and reject explanations based on a random search strategy discussed in Experiment 1. Castelhano, Plollatsek, and Cave (2008) found that, when a word cue at the target's basic level category (e.g., ''chair'') was given to human participants, the search for an atypical object was more difficult than the search for a typical object. The typicality effect arose from the time to verify the target after it was first fixated, rather than the time in the search itself. Thus, typicality did not aid attentional guidance. However, they pointed out that typicality could guide search when typical items have a certain distinctive visual feature that is not shared either by atypical category members or by the distractors.
According to the Guided Search model (e.g., Wolfe, 1994; Wolfe, Cave, & Franzel, 1989) , the more an item differs from its neighbors in a search display, the more attention it attracts. It assumes that both bottom-up and top-down factors control guidance to targets; bottom-up processes compute differences between stimuli, while top-down activation guides attention to items with a specific set of properties. In the present study, we may suppose that top-down information of the learned category promotes guidance to the target exemplars. The Attentional Engagement model (Duncan & Humphreys, 1989 , on the other hand, assumes that similarity to an internal template of a known category aids search for category members. We may suppose that the pigeons acquired a template of possible targets by training, and activation of a given item in a display rose with the increasing match to the template. The model also assumes that dimensional weightings of the template are adjusted so as to increase similarity among possible targets and to decrease similarity between targets and distractors (i.e., a similarity factor referred to as interalternative similarity). Given that the common component features are weighted and the item-specific component features are de-weighted, then the both models predict more efficient search for better exemplars of a category.
An important finding in early sessions of Experiment 3 (the top panels of Fig. 9 ) is that the common component face (Face P) was far more efficiently searched than the item-specific component faces (Faces A, B, C, and D) despite the counterbalancing displays among the pigeons. This finding therefore could not have resulted from any contribution of stimulus-driven bottom-up processes. Moreover, for each of these pigeons, the original faces used for the common component and item-specific components are not differentiated without learning the target category. It is possible to infer that the search for category members is guided primarily by top-down control.
The pigeons' search efficiency did not increase when the proportion of the common component increased from 50% to 75% and to 100%. A straightforward explanation is that the exemplars containing 50% or larger proportions of the common component are highly salient in search displays, so that there is no or only subtle, if any, difference in salience among these targets. Recall that the pigeons showed an efficient search for the highly familiar targets in Experiment 2 (the search slope was near zero) and therefore we naturally cannot expect more efficient search for the more typical exemplars including the prototype.
In later sessions, the pigeons were able to search for the poor exemplars as efficiently as the familiar and highly typical exemplars (the bottom panels of Fig. 9 ). Practice appears to enable pigeons to do so despite the fact that the poor exemplars (Faces A, B, C, and D) are neither particularly similar to one another nor to the prototype (Face P). The Wolfe's Guided Search model assumes that top-down control of attention can be used to make search more efficient when the identity of a target is known in advance. The item-specific component face that appears on a given trial is unknown before a search display is present, and therefore topdown enhancement is not likely to occur. Similarly, the Attentional Engagement model would have a serious problem. It must assume a template that is very general so as to include even the poor exemplars that are not particularly similar to one another, or otherwise it must assume a large number of multiple templates corresponding to the various targets. The former possibility seems unrealistic and moreover such a general template would have difficulty in excluding all likely nontargets. This is specifically so with the category used in the present study; the poor exemplars (Faces A, B, C, and D) do not have the common component and therefore they cannot be differentiated from nonmembers without knowing the structure of the category as a whole. In case of the latter possibility, simultaneous or sequential matching against multiple templates would require resource-taking or time-consuming processing and inevitably increase complexity of the required matching operation. A plausible account for the finding in the later sessions is to assume development of automatic processing of the individual poor exemplars, supplementary to the search promoted by the common component features for the typical exemplars containing larger proportions of the common component.
An unexpected finding is that practice tended to decrease, but only slightly, search efficiency for the typical exemplars. One may argue that intertrial facilitation or a ''carry-over'' effect across trials was masked by adding the various exemplars to the target set. If this was the case, however, such an interfering effect should occur in the early sessions as well. We suggest that the automatic processing of the individual poor exemplars somewhat changed the pigeons' attentional weightings; decreasing relative weights of the common component features and increasing those of the item-specific component features, which might have more or less interfered with the efficient search promoted by the top-down guidance by the common component features (see Jitsumori, Ohkita, and Ushitani (2011) for attention shift in pigeons).
General discussion
The present study examined strategies of pigeons to search for members of a category among nonmembers. Experiment 1 found that pigeons are capable of learning category search and this search performance as measured by search accuracy transferred to novel members of the category (Experiment 2) and even to the poor members that are not specifically similar to one another (Experiment 3). Pigeons' search behavior is thus much more flexible than what we might expect based upon results of visual search experiments that used a single target.
A more interesting finding was that the pigeons developed efficient search for highly familiar members of the category (Experiment 2) and this efficient search transferred to the novel, but more typical, members including the prototype (the early sessions of Experiment 3). The common component features directed the pigeons' attention to the category members thus strongly suggesting that their search efficiency was accomplished by top-down control due to the learned category. 3 P. Blough and Lacourse (1994) trained pigeons to search for alphanumeric characters in tasks of sequential priming and obtained results indicating that pigeons' attention depends less on information provided by the just-preceding trial (i.e., bottom-up priming) but seems to be directed by a top-down process that uses advance information, such as relative target frequency, summarized over large sequences of trials (see also P. Blough, 1996) . The present study provided new evidence of top-down processing in pigeons.
The category search shown by pigeons in the present study nicely explains the Tinbergen's (1960) classical observation in field studies that birds over-select the abundant prey within a given season. Since a particular prey type most frequently encountered could be a prototype in that season. Interestingly, when our pigeons were required to search for less typical members in Experiment 3, they developed an efficient search for the individual poor exemplars. This finding is in agreement with the previous studies (D. Blough, 1979; P. Blough, 1984 ) that have demonstrated automaticity for simple geometric shapes or alphabets in pigeons. Undoubtedly, in nature the automatic processing of individual items is vital for animals specifically when numbers of prototypical prey types decrease in a new season or are exhausted by overselection. Experiment 2 also found that pigeons can successfully search for the items having novel item-specific components, when they were required to do so (the top panel of Fig. 6 ). The search behavior discussed here is crucial not only for birds but also many other species, including humans, to survive in the real world.
As described earlier, Jitsumori, Ohkita, and Ushitani (2011) found that pigeons trained with composite faces of two categories then failed to generalize the classification to the item-specific component faces. In contrast, the search accuracy in the present study remained high over the stimuli that differed in degree of typicality, including the item-specific component faces (Fig. 8) . Simultaneous presentation of the target and distractors might have enabled the pigeons to search for these targets accurately in the early sessions of Experiment 3.
One possibility is that the pigeons not only learned to search for category members but also learned to avoid distractors (see Katz and Cook (2000) for a ''distractor-avoidance'' rule adopted by pigeons). One may also argue that the effect of the distractors from the different face classes (Fig. 3, Experiment 1) can be explained by assuming that the pigeons tended to refrain from pecking to the target when it was similar to the distractors in a homogeneous display. Similarly, the generalization decrement with the novel targets containing the female components in the early sessions of Experiment 2 may be explained by similarity to the distractors of female faces. However, the distractor-avoidance rule undoubtedly makes the pigeons insensitive to target identity. The effect of practice shown by the pigeons in the later sessions of Experiment 2 is 3 Lee, Ohkita, and Jitsumori (in preparation) trained the same pigeons on homogeneous trials where the target-distractor role of the stimuli was reversed. The pigeons persistently responded to one of the previous targets and required extensive training to eventually reverse choices. This finding confirms that the pigeons did not use the odd-item search strategy in the present study. inconsistent with this notion. In fact, in the early sessions of Experiment 3, search speed decreased as the proportion of the common component decreased, clearly indicating that the pigeons searched for the category members. We cannot rule out the possibility that the pigeons based their choices on merely avoiding distractors (i.e., a choice-by-exclusion strategy) in Experiment 1, but we believe that search strategies adopted by the pigeons may not differ so drastically among the experiments. Yet, approaching to a targets and avoiding distractors in a display are inevitably confounded in the present study. Further research is needed to disentangle these factors that may jointly help pigeons to search for targets among familiar distractors.
Another possibility is a distractor-related negative guidance. If the pigeons learned to de-weight features of the certain distractors appropriately, then search might be directed away from these familiar distractors. A byproduct of this de-weighting tendency would be a search directed toward the target. It has been shown in humans that search efficiency, in fact, does increase when a given set of distractors appear repeatedly on successive trials (e.g., Kristjánsson & Driver, 2008 ; see also Yang, Chen, and Zelinsky (2009) for a role of familiar distractors in a novel pop-out effect). A similar distractor-related negative guidance would be likely to help our pigeons to correctly search for the novel targets that do not have sufficient amount of the common component to capture their attention. Studies that systematically control the familiarity of distractors are needed to examine this possibility.
An important implication of the present pigeon study is that top-down information drives category search, without semantic information about the category itself. Pigeons are naïve with respect of pictures of human faces and human-face categories. Nevertheless, the features contrasting the category members and nonmembers guided their efficient search. It is unknown how these features and item-specific features are combined to guide search for various exemplars that differ in degree of typicality. We have to left open answers to this issue for future research.
